Summary. In Exp. 1, 5\p=n-\8-cellembryos from superovulated cattle were co-cultured with oviducal tissue suspended in Ham's FIO + 10% fetal calf serum (F10FCS) or in F10FCS alone. After 4 days, the proportion of embryos developing into compact morulae or blastocysts was greater (P < 0\m=.\005) in co-culture (38/82; 46%) than in F10FCS (1/27; 4%). In Exp. 2, a solution of collagenase, trypsin, DNAse and EDTA was used to disperse oviducal tissue, which was then cultured in TCM199 + 10% fetal calf serum (M199FCS) to obtain monolayers. Embryos (1\p=n-\8cells) were then co-cultured with monolayers or in M199FCS alone. The proportion of embryos developing into compact morulae and blastocysts after 4\p=n-\5 days was higher (P < 0\m=.\005) in co-culture (15/34; 43%) than in M199FCS (1/37; 3%); mean numbers of cells/embryo were also higher (P < 0\m=.\001)(27\m=.\70;range 2\p=n-\82in co-culture; 8\m=.\83;range 2\p=n-\18in M199FCS). In Exp. 3, embryos obtained from in-vitro maturation and fertilization were used to compare development between co-culture and medium conditioned by oviducal tissue. Initial cleavage rate (no. embryos > 1 cell/total) was 76% (611/807) and did not differ among treatments. After 5 days, the proportion cleaving to > 16 cells was higher (P < 0\m=.\005) in co-culture (71/203; 35%) and conditioned medium (48/205; 23%) compared to M199FCS (14/203; 7%). Similarly, the proportion developing into compact morulae and blastocysts was greater (P < 0\m=.\005) in co-culture (44/203; 22%) and conditioned medium (46/205; 22%) than in M199FCS (7/203; 3%). Developmental potential was tested in Exp. 4 by transferring embryos to 11 recipients, of which 6 (55%) became pregnant.
Introduction
Conventional culture systems have proved inadequate for the culture of cattle embryos from early cleavage to the blastocyst stage (reviewed by Wright & Bondioli, 1981) . Part of this culture problem stems from the existence of a block to in-vitro culture at the 8-16-cell stage (Thibault, 1966; Camous et ai, 1984; Heyman et ai, 1987) . Attempts to improve existing culture systems by modi¬ fying compositional or physical parameters have failed to yield consistent results. However, the failure of in-vitro culture systems to support early development may be alleviated in some species by co-culturing embryos with oviducal tissue. For example, Biggers et ai (1962) reported that mouse embryos developed past the '2-cell block' when co-cultured with oviducts. More recently, oviducal cell monolayers have been shown to enhance the development of sheep embryos in vitro (Gandolfi & Moor, 1987; Rexroad & Powell, 1988) . The aim of the present work was to examine the effect of oviducal tissue co-culture on the development of cattle embryos in vitro. Some of the results have appeared in abstract form (Eyestone et ai, 1987a) .
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Materials and Methods

Isolation of oviducal tissue
Oviducts were obtained from cattle at slaughter (Exps 1 and 2) or by salpingectomy (Exps 3 and 4), trimmed free of connective tissue and rinsed in 0-9% (w/v) NaCl containing 100 IU penicillin/ml, 100 pg streptomycin/ml and 0-25 pg amphotericin B/ml. After blotting on sterile gauze to remove excess fluid and blood, oviducts were placed in sterile 100-mm Petri dishes, grasped with a forceps at the isthmic end and scraped gently toward the infundibulum with a glass microscope slide. Mucosal tissue was then extruded from the ostium abdominale and transferred to a 12-ml conical tube with 10 ml TALP-Hepes medium (low bicarbonate TALP; Parrish et ai, 1988 Experiment 3. Washed oviducal tissue was resuspended in M199FCS to a ratio of 1:50 (v/v); 5 ml suspension were placed in 50 ml culture flasks and cultured for 1-7 days. All cultures in this experiment were conducted at 39°C. Media were replenished every 2-3 days by replacing 50% ofthe total volume with fresh M199FCS. Embryos were obtained by in-vitro maturation (Sirard et ai, 1988) and in-vitro fertilization (Parrish et ai, 1986) . Ova were removed from fertilization droplets after 18-22 h, stripped of cumulus cells by repeated pipetting through a small-bore pipette, and assigned randomly to culture in M199FCS alone (control), tissue suspension (co-culture) or in medium conditioned by oviduct tissue. Conditioned medium was prepared from the supernatant after centrifugation ofthe tissue suspen¬ sion at 13 000 g for 10 min. All culture treatments were conducted in 50 µ droplets under paraffin oil (40-90 embryos/ droplet). The (Table 2 ). The proportion of embryos that cleaved to > 16 cells was higher in co-culture and conditioned medium compared to M199FCS. In addition, the proportion of > 16 cell embryos was higher in co-culture than in conditioned medium. However, the pro¬ portion of embryos developing to the compact morula or blastocyst stages was similar in co-culture and conditioned medium and higher than in M199FCS control.
Experiment 4
A total of 6/11 (55%) recipients became pregnant after embryo transfer (2/5 from co-culture; 4/6 from conditioned medium) and 5 normal healthy calves were obtained. Blastocysts not The proportion of embryos that developed normally in co-culture or conditioned medium compares favourably to results obtained after in-vivo culture in xenogenous oviducts. For example, the percentage of normal embryos obtained after co-culture (42^46%; Exps 1 and 2) was similar to that achieved in ligated sheep oviducts (37-53%; Eyestone et ai, 1987b) . Moreover, the proportion of normal embryos obtained after co-culture approached that obtained from superovulated cattle on Days 6-8 after oestrus (53%; Massey & Oden, 1984) . For maturation and fertilization in vitro, the percentages of normal embryos obtained after co-culture (22%; Table 2 ) or culture in con¬ ditioned medium (22%; Table 2 ) fell within the range obtained after culture in ligated sheep oviducts (20-28%; Sirard et ai, 1988) . Furthermore, the developmental potential of morulae and blastocysts thus obtained was similar to that of Day 6-8 embryos collected from superovulated cattle as judged by pregnancy rates achieved after transfer to recipients (55%; Exp. 4 versus 51%, Massey & Oden, 1984) .
Oviducal tissue has been successfully used as a supplement to in-vitro embryo culture in a variety of species. In mice, 1-cell ova cleaved past the 2-cell block to the morula and blastocyst stages when incubated in cultured mouse oviducts (Biggers et ai, 1962; Whittingham & Biggers, 1967) . Using a similar technique, Minami et al. (1988) cultured hamster embryos through the 2-cell block to morulae and blastocysts. Among the large domestic species, early sheep embryos have been cultured past the 8-16-cell block to the blastocyst stage on oviducal cell monolayers (Gandolfi & Moor, 1987) . Development on oviducal monolayers was superior to that on fibroblast monolayers or in medium alone, suggesting that the effect was tissue-specific. This notion is supported by the results of Rexroad & Powell (1988) (Gandolfi & Moor, 1988 (1987) found that hypoxanthine in Ham's F-10 medium induced a 2-cell block in mouse embryos, and pyruvate, as a component of modified Kreb's-Ringer bicarbonate solution, was found to be inhibitory to development of early pig embryos (Davis & Day, 1978) . Both hypoxanthine and pyruvate may be metabolized by the co-cultured tissue, thereby reducing their concentrations to account for the beneficial effects observed on development. Neither substance, however, is known to inhibit development of early cattle embryos.
Due to their simplicity, co-culture systems such as the ones described here offer an attractive alternative to in-vivo culture in the ligated oviducts of sheep or rabbits. The efficacy of oviductconditioned medium is particularly important in that it will permit studies on early development without the confounding effects of in-vivo culture or the presence of co-cultured tissue. Moreover, elucidation of the mechanism underlying the positive influence of co-culture may lead to the development of defined media for cattle embryos.
